4963 DISK ATTACHMENT CARD 


STANDARD CHANNEL 4963 TOP CARD CONNECTORS 
ADDRESS BUS BIT--00------ B W22-- -FILE DATA BUS BIT 00 
ADDRESS BUS BIT--01------ B W23-- -FILE DATA BUS BIT 01 
ADDRESS BUS BIT--02------ B W24-- -FILE DATA BUS BIT 02 
ADDRESS BUS BIT--03------ B W25-- -FILE DATA BUS BIT 03 
ADDRESS BUS BIT--04------ B W26-- -FILE DATA BUS BIT 04 
ADDRESS BUS BIT--05------ B W28-- -FILE DATA BUS BIT 05 
ADDRESS BUS BIT--06------ B W29-- -FILE DATA BUS BIT 06 
ADDRESS BUS BIT--07------ B W30-- -FILE DATA BUS BIT 07 
ADDRESS BUS BIT--08------ B W31-- -FILE DATA BUS BIT PO 
ADDRESS BUS BIT--09------ D WO3-- -FILE DATA BUS BIT 08 
ADDRESS BUS BIT--10------ D WO4-- -FILE DATA BUS BIT 09 
ADDRESS BUS BIT--11------ D WO5-- -FILE DATA BUS BIT 10 
ADDRESS BUS BIT--12------ D WO6-- -FILE DATA BUS BIT 11 
ADDRESS BUS BIT--13------ D WO7-- -FILE DATA BUS BIT 12 
ADDRESS BUS BIT--14------ D WO9-- -FILE DATA BUS BIT 13 
ADDRESS BUS BIT--15------ D W10-- -FILE DATA BUS BIT 14 
ADDRESS BUS BIT--16------ D W11-- -FILE DATA BUS BIT 15 
ADDRESS GATE------------- M W12-- -FILE DAT BIT P1 
ADDRESS GATE RETURN------ M X¥31-- -INTRFC PAR CHECK 
BURST RETURN------------ (P04) X03-- -FILFE TAG 0 
CONDITION CODE IN BIT-00-D XO4-- -FILE TAG 1 
CONDITION CODE IN BIT-01-D X05-- -FILE TAG 2 
CONDITION CODE IN BIT-02-B X06-- -FILE TAG 3 
CYCLE BYTE INDICATOR---— (P10) X12-- -FILE TAG P 
CYCLE INPUT INDICATOR----P X¥25-- -AKN REO OUT 
CYCLE STEAL REQUEST IN---M X28-- -STROBE IN 
DATA BUS BIT------ 00----- G X¥29-- -REOQUEST IN 
DATA BUS BIT------ 01----- G X¥13-- -PARAKEET POR 
DATA BUS BIT------ 02----- G X23-- -SYSTEM RESET 
DATA BUS BIT------ 03----- G X24-- -REQUEST OUT 
DATA BUS BIT------ 04----- G X26-- -STROBE OUT 
DATA BUS BIT------— 05----- G X¥30-- -AKN REQ IN PWRD 
DATA BUS BIT------ 06----- G X¥32-- -SYSTEM PWR ON RST 
DATA BUS BIT------ 07----- G XO7-- -FILE TAG 4 
DATA BUS BIT------ p0----- G XO09-- -FILF TAG 5 
DATA BUS BIT------ 08-----J X¥10-- -FILE TAG 6 
DATA BUS BIT------ 09-----J X11-- -FILE TAG 7 
DATA BUS BIT------ 10----- a WO2-- GND 
DATA BUS BIT------ 11----- J WO8-- GND 
DATA BUS BIT------ 12----- J W27-- GND 
DATA BUS BIT------ 13----- J W33-- GND 
DATA BUS BIT------ 14----- J X02-- GND 
DATA BUS BIT------ 15-----J X¥O8-- GND 
DATA BUS BIT------P1-----J X27-- GND 
DATA STROBE-------------- X¥33-- GND 

T OR HCK-------------- W32-- NOT USED 
INITIATE IPL-~----------- # wi3-- -IPL . 

~~-------------------- # X22-- -BURST MODE 


POLL IDENTIFIER BIT--00-- 
POLL IDENTIFIER BIT--01-- 
POLL IDENTIFIER BIT--02-- 
POLL IDENTIFIER BIT--03-- 
POLL ee aad BLT==04== 


PRIM 
POLL. PRO PAGK TE=<=-==-==-=> 


N---~+---------- 


POLL RETU 
POWER. ON RES Bi -=--->><s-7 
REQUEST IN BUS BIT--00--- 
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REQUEST IN BUS BIT--01--- 

REQUEST IN BUS. BLT=-02=-=- 

REQUEST IN BUS BIT==03=-- 

REQUEST IN BUS BIT--O04--- 

REQUEST IN BUS BIT--05--- 

REQUEST IN BUS BIT--06--- 

REQUEST IN BUS BIT=+0/==- 

REQUEST IN BUS BIT~-08--- 

REQUEST IN BUS BIT--~09--- 

REQUEST IN BUS BIT~-10--- 

REQUEST IN BUS BIT=-11--= 

REQUEST IN BUS BIT==12-=- 

REQUEST IN BUS. BIT=—13=== 

REQUEST IN BUS BIT--14--- 

REQUEST IN BUS BIT=--15-- 

SERViCS (Gh li e=<=5-=sses2= 

SERVICE GATE RETURN------ 

STATUS: BUS: Biles -= 00 S== 

STATUS. 305) Bille =s-s= 01-== 

STAVUS BUS: Bii==2==— UZ == 

SIAL US. DUS. bL le -="S— 03-== TOP CARD CONNECTORS 

SIS. Reo sles SS ss oer aes 
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CABLE LOCATIONS 
VOLTAGE PIN ASSIGNHENTS 
+5V---D03--J 03--P03--003 
GND~~-D08--J 08-- P08--U08 
-5V---G06 
+8.5V---Gi11 


# LINES ARE NOT USED BY THIS ATTACHMENT. 
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X CONNECTS THRU CABLE TO A5 





uw) 
RG 
© 
<a 
CN MN | 
RnR oOo f- Oo & 
=: 
= 
© 
UO 
A 


W 
x 


S 
R 
CABLE LOCATIONS 


PROCESSOR ATTACHMENT 
TOP CA 

33 

22 

33 


5 


new wweeriere Bee eewrw eee wewee eeereewrwri we ene ee 2 OO weweeeq@geagww 2 2 @ we wen ww we we ww aw ae ee oe ww DS @ GF aD 


(CARD SIDE VIFW) 


DOC BOARD (A2) 


# LINES ARE NOT USED 


=nmneneeenwnee eee eeweewees w@ Bee w& Bee wwe we ow a 








SPE 4963 THFORY DIAGRAMS 
MANUAL FOR DATA FLOW 


| 


7a Ge 


NnewWMeaer 
) 
fu \O 
— mo 
Q = 
«x e 
O 
UO 
eG « 
= £ 
Bh) 
= 
hea sy 
U ™ 
ax =t 
c: rom 
e4 i g 
<_ bm 
our: 
m © 
wo 
mH moe 
sz RMP 
x 6 
™ 
ee” 
&) ? 
eG 
Ig) 


IBM COPP. 


6837769 


Pow. 


F.C. 


= 





COPYRIGHT IBM CORP 1976 





Ft 
’ 


P 
gr © 
- 

me +¥ 


MOVIN UI 





SELECTION 


pevice [oj1[2]3]4|s|o| | vuneer nunoer 


ADDRESS 


BOTES: 


2 
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TME BASE ADDRESS IS ALWAYS OIVISIBLE 
ARE CONNECTED THE BASE ADDRESS MUST BE OIVISIGLE 






PET TTT TY J vuneee 


LESS SIGNIFICANT BIT CALWAYS FORCED TO 0 AND IS KOT JUMPERABLE) 
MOST SIGNIFICANT BIT. JUMPER INSTALLED = LOGICAL 0 


CARD JUMPERS AS SHOWN 

BASE ADDRESS = FO ti!1! 0000 

IPL 2 FILE O PRIMARY 

DEVICE 10 = 32062 001! GOIG 0000 O110 


CONFIGURATION EATRIES FOR OPTIONS AS SHOWN 


-FOTA 0000 
-FITA 0000 
-F27A 06009 
-F37A 0000 


0000 0000 0000 0000 0000 3206 
0000 0000 0000 0000 0000 3206 
0000 00090 0000 0000 0000 3206 
0000 0000 0000 0000 0000 3206 


BY % 


CHART A 


DEVICES COUNT 


At DEVICE 2 OEVICE 3 OEVICE Y DEVICE | 
COHRECTOR CONNECTOR | CONNECTOR) CONNECTOR 
poner 


| JUMPER 12 << 


; x AEANS JUMPER INSTALLED DEVICE 1.0. WILL BE SET 


AUTOMATICALLY DEPENDING OM THE NUMBER OF FILES 
CONNECTED: 
UP TO 2 FILES —- DEVICE 1.0. 23106 
9OR % FILES - DEVICE 1.0. 273206 
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|IPL NOT SUPPORTED 


‘FILE O PRIMARY 


;FILE § PRIMARY 
lFILE 0 SECONDARY 


PFILE § SECONDARY 
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| FILE ' SECONDARY 


FFELE § PRIMARY AND 
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4963 DEDICATED CABLFS (TO FILE 0 & FILE 1) 
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4963 DEDICATED CABLES (TO FILE 2 & FILE 3) 
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4963 CHAIN CABLE 


DUC BOARD FILE 9 BOARD an”) 
PIN ASSIGN En S PIN ASSIGNMFNTS 
B2BC2-= -DU TAG BUS BIT A -- A3B02 
B2B803-- -DU TAG BNS BIT 1 -- A3BN3 
B2B04-== -DU TAG BUS BIT 2 -- A3BNY 
B2B05=-- -DU TAG BUS BIT P -- A3B05 
B2B06-= NOT USED -- A3BN6 
B2BQ07-= +5 VOLTS FOR TERM CD -- A3B07 
B2BOR--= +5 VOLTS FOR TERM CD -- A3BOR 
B2B09-- +5 VOLTS FOR TERM CD v= haApO>9 
B2B10-- NOT USED -- A3B10 
aes NOT USED -- A3B11 
B2B12-- -CONTROL SAMPLF RCVD -~- A32B12 
B2B13-- -CABLE CONTINOITY IN -- A3B13 
B2D02-= -CABLE CONTINOITY OUT -- A3D02 
B2N03-- NOT USED “- A3DO3 
B2D04U-= -HC DATA BUS RIT A °° AZDNY 
B2D05-- -MC DATA BUS BIT 1 “= A3D05 
B2N06-- -MC DATA BUS BIT 2 “- A3D06 
B2D97-- -4C DATA BUS RIT 3 “- A3ZD07 
B2D0R-2= GND “= AIDNAR 
B2D09-=- -MC DATA BUS BIT 4 “- A3N09 
B2D1Q0-- -MC DATA BUS BIT 5 -- A3D10 
B2D11== -MC DATA BUS BIT 6 “= A3D11 
B2D12-- -MC DATA BUS BIT 7 -- A3D12 
B2D13-- -MC DATA BUS BIT P -- A3D13 
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DUC BOARD (A2) 
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AG CONNECTS THFU CABLE TO A323 DU BOARD FILF 1 
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CHIP 2 1S WIRED IN A SIMILAR MANNER TO CHIP | 

HEAD 11 IS NOT FITTED IF AN UNSAFE CONDITION IS 
DETECTED LOGIC CIRCUITS FORCE SELECTION OF HEAD II 

TO AVOID OVERWRITING DATA TRACKS 

HEAD 0 NOT FITTED IF FIXED HEADS ARE INCLUDED IN DE. 
CGMPONENTS WITHIN THE DE ARE SEALED AND CANNOT BE 
SERVICED IN THE FIELD 
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TO TEST IF CONNECTOR IS CORRECTLY INSTALLED. 
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NOTE: THIS CHART INDICATES THE CORRECT SEQUENCE OF EVENTS. ACTUAL 
TIMES AND WAVE FORMS WILL VARY FROM SYSTEM YO SYSTEM. 


POWER ON LOGIC SEQUENCE 


1. AC AND DC POWER ARE APPLIED TO THE DSD 

2. BRAKE APPLIED’ REMAINS ESSENTIALLY NEGATIVE TO PRO- 
VIDE RETURN PATH FOR BRAKE CURRENT WHICH RETRACTS 
THE BRAKE AND ALLOWS THE SPINDLE TO ACCELERATE. 

3. ‘—PWR GOOD’ iS RAISED BY THE USING SYSTEM WHEN DC VOLT- 
AGES ARE WITHIN TOLERANCE. 

4. ‘—POD’ BECOMES ACTIVE FOR APPROXIMATELY 20 SECONDS TO 
ALLOW THE DISK SPEED TO STABILIZE AT 3125 RPM. 

5. ‘CTR 4’ COMES INTO SYNCHRONIZATION AFTER ‘—POD TIMES 
OUT’ AND FIRES THE ‘KICK SS’. IF ‘CTR 4’ F AILS TO COME 
INTO SYNC BEFORE ‘-POD’ AND ‘PLO HOLDOVER SS’ TIMES 
OUT, THEN BRAKE APPLIED WILL BE RAISED, THE BRAKE WILL 
ACTIVATE AND ‘BRAKE APPLIED’ TO SYSTEM WILt BE RAISED. 
AC AND DC POWER WILL THEN BE SWITCHED OFF WITHIN 5 
SECONDS. 

6. ‘—KICK SS’ APPLIES MAXIMUM ACCELERATION TO THE ACTUA- 
TOR ARM FOR 10 MILLISCEONDS TO MOVE THE ACTUATOR ARM 
INTO THE DATA AREA. 

7. DURING THE INITIAL ACCESS MOVEMENT ‘CTR 5’ COMES INTO 
SYNCHRONIZATION. 

8. ‘+ SEEK’ IS RAISED WITH THE ‘KICK SS’ CYCLE AND IS LOWERED 
WHEN THE ACTUATOR COMES TO REST. 

9. ‘— SEEK COMPLETE’ INITIATES A ‘RECALIBRATE’ CYCLE. 

10. AT THE COMPLETION OF THE RECALIBRATE CYCLE ‘HOME’ 
AND ‘READY’ BECOME ACTIVE AND AN INTERRUPT IS RAISED. 

11. DURING THIS RECALIBRATE CYCLE, ‘HANDOVER VELOCITY 
(HV)’ ISCALIBRATED. THIS IS AN ANALOG VOLTAGE THAT 
SHOUL9 SET TO A SIMILAR LEVEL EACH TIME THE DSD IS 
POWERED UP. THIS LEVEL WILL HOWEVER VARY FROM DSO 
TO DSD. : 
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DATA CONTROL (B2 CARD) 
INTRODUCTION 


THE DATA CONTROL OPERATIONS OF THE DU ARE CONTROLLED 
BY LOGIC CONTAINED ON ONE CARD. THIS LOGIC CONTROLS THE 
WRITING OF DATA ONTO THE DISKS AND THE READING OF THAT 
DATA WHEN READ COMMANDS ARE ISSUED BY THE SYSTEM. 


THE DATA CONTROL CARD INTERFACES WITH THE SYSTEM DIRECT- 
LY, FOR THE TRANSFER OF DATA AND TO EFFECT SOME CONTROL 
SIGNALS. THE REMAINING CONTROL SIGNALS ARE HANDLED ON 
OTHER CARDS. THE DATA CONTROL CARD ALSO PRODUCES SIG- 
NALS USED IN THE SERVO CONTROL CIRCUITS. 


THE DATA CONTROL INCLUDES THE FOLLOWING ANALOG AND 
DIGITAL CIRCUITS: 


MODE CONTROL LOGIC 

READ DATA (PAGE SF579) 

READ DATA SEPARATION (PAGE SF584) 

DATA CONTROL SAMPLE SERVO CONTROL (PAGE SF580) 
WRITE DATA (PAGE SF581) 

WRITE SAFETY DETECTION (PAGE SF583) 

DISK ENCLOSURE CONTROLS (PAGE SF576) 

VOLTAGE CONTROLLED OSCILLATOR CONTROL (PAGE SF582) 


MODE CONTROL LOGIC 


THREE SIGNALS, ONE GENERATED IN THE DU AND THE OTHER 
TWO PROVIDED BY THE SYSTEM, CONTROL THE MODE OF 
OPERATION: 

‘*t DATA SELECT GATED’ (GENERATED ON LOGIC 1, C2 CARD) 

*+ WRITE SELECT’ 

*+ READ SELECT’ 


+ DATA SELECT GATED 


THIS SIGNAL GATES THE FOLLOWING SIGNALS TO THE SYSTEM 
WHEN IT IS APPLIED TO THE LINE DRIVER CIRCUITS: 


e ‘IF WRITE CLOCK’ (CARD PIN B2U11) 
e ‘IF READ CLOCK’ (CARD PIN B2U07) 
e NRZ DATA (CARD PIN B2S07) 


A FURTHER DRIVER (IN THE WRITE LINE DRIVER), USED ONLY AS 
AN MST TO VTL LEVEL CONVERTER, PROVIDES UNGATED ‘1F 
WRITE CLOCK’ SIGNALS TO OTHER CARDS IN THE DSD (DATA 
STORE). 

+READ SELECT 


OPERATIONS EFFECTED WHEN ‘+ READ SELECT’ IS ACTIVATED ARE 
DESCRIBED IN “READ DATA”, ON PAGE SF582 


+WRITE SELECT 


OPERATIONS EFFECTED WHEN ‘+ WRITE SELECT’ IS ACTIVATED ARE 
DESCRIBED IN “WRITE DATA”, ON PAGE SF581. 
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DATA CONTROL (B2 CARD) (CONTINUED) 
READ DATA 


CIRCUIT DESCRIPTION 


DATA READ FROM THE D!SKS CAUSE EACH SELECTED HEAD TO GIVE 


ANALOG OUTPUT SIGNALS OF LESS THAN 17 MILLIVOLT. THESE 
S!GNALS ARE AMPLIFIED AND DIFFERENTIATED SO THAT CORRES- 
PONDING DIGITAL DATA CAN 3£ PRODUCED 70 8F USED BY THE 
SYSTEM. 


THE DATA SIGNALS FROM THE MOVING AND FIXED HEA.DS ARE 
AMPLIFIED AND ROUTED THROUGH A LOW-PASS FILTER TOA 
VARIABLE-GAIN AMPLIFIER (VGA) AND TO THE SERVO CONTROL. 
CIRCUIT. TWO AC-COUPLED INPUTS ARE APPLIED TO THE VGA; 
BOTH PRODUCE DIFFERENTIAL AC CURENTS IN THE VGA. ONE 
OF THESE INPUTS IS SET WITH RESPECT TO A REFERENCE VOLT- 
AGE AND THE OTHER HAS A GAIN CONTROL VOLTAGE APPLIED 
TOIT. THE SIGNAL CURRENTS PRODUCED ARE IN A RATIO THAT 
DEPENDS ON THE DIFFERENTIAL VOLTAGE BETWEEN THE TWO 
INPUTS. THESE SIGNAL CURRENTS ARE CONVERTED IN THE VGA 
TO SIGNAL VOLTAGES. 


TO ENSURE THAT THE OUTPUT DC POTENTIAL DOES NOT VARY 
WITH SAIN, COMPENSATING GATES, CONTROLLED BY THE SAME 
REFERENCE AND GAIN CONTROL VOLTAGE AS THE INPUT CIRCUIT, 
ARE CONNECTED INTO THE OUTPUT CIRCUIT. 


The SIGNAL VOLTAGES AT THE OUTPUT OF THE VGA ARE APPLIED 
TG 3 LINEAR GAIN AMPLIFIER THAT HAS A GAIN OF APPROXI 
MATELY TEN. THE OUTPUT OF THE LINEAR GAIN AMPLIFIER IS 
APPLIES TO A CATA DETECTOR, AND TO AN AMPLITUDE C =TECTOR 
AND HOLD CIRCUIT THAT PRODUCES THE GAIN CONTROL VOLTAGE. 


NOTE CURING WRITE OPERATICNS (SEE “WRITE DATA"), VGA 
FORMS % ‘SCUELCH’ CIRCUIT THAT ELIMINATES LARGE TRAN- 
SIENTS IN THE (NPGT OF THE DATA CHANNEL, PARTICULARLY 
DURING TURN-ON AND TURN-OFF TIMES. 


THE DATA DETECTOR CIRC JIT EXTRACTS FROM THE ANALOG 
SIGNAL TIMING INFORMAT:iON CONTAINED IN THE SIGNAL PEAKS. 
THIS TIMING INFORMATION IS PROCESSED IN THE VOLTAGE- 
CONTROLLED OSCILLATOR (VCO) SYNC CONTROL, PHASE DIS- 
CRIMINATOR AND MFM DECODES CIRCUITS, DESCRIBED LATER. 


AMPLITUDE DETECTOR AND HOLD CIRCUIT 


TWO REFERENCE LEVELS (A AND B) ARE SET IN THE AMPLITUDE 
DETECTOR AND HOLD CIRCUIT AS FOLLOWS. 


WHEN SIGNALS APPLIED AT EITHER OF THE DIFFERENTIAL INPUTS 
TO THE VGA ARE OF GREATER AMPLITUDE THAN THE FIRST OF 
THE REFERENCE LEVELS (A) AN INTEGRATOR CAPACITOR IN THE 
AMPLITUDE DETECTOR AND HOLD CIRCUIT 1S CHARGED POSI- 
TIVELY. LOW-CURRENT SIGNAL PULSES DISCHARGE THE CAPACI- 
TOR. WHEN THE CIRCUIT IS BALANCED, HIGH CURRENT PULSES 
OCCUR ONLY AT THE PEAKS OF INPUT WAVEFORMS. 


THE SECOND REFERENCE LEVEL (B) ISA REFERE*ICE POTENTIAL 
THAT DETERMINES THE DISCHARGE CHARACTERISTICS OF THE 
INTEGRATOR CAPACITOR. 


DURING THE TIMES THAT SAMPLE SERVO INFORMATION IS READ, 
THE TWO REFERENCE LEVELS ARE RAISED ABOVE THE NORMAL 
DATA-READ LEVELS, AND THE CHARGING ANDO DISCHARGING OF 
THE INTEGRATOR CAPACITOR ARE INHIBITED. THIS PREVENTS 
TRANSIENT DISTRUBANCES IN THE REAO CHANNEL. 
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SF 580 


DATA CONTROL (CONTINUED) 
DATA CONTROL SAMPLE SERVO CONTROL OSCILLATOR INHIBIT 


WHEN DATA IS BEING READ, THE VOLTAGE CONTROLLED OSCILLA- 

TOR (VCO) IS SYNCHRONIZED, IN FREQUENCY AND FHASE, WITH 

THE RECORDED DATA. +SERVO INHIBIT are 
HOWEVER, DURING THE SERVO SAMPLE TIME THE VCO IS SYN- 

CHRONIZED WITH DATA READ FROM THE SERVO SURFACE, AS 

DESCRIBED BELOW. 







e A aa (TP)———— DATA SERVC 2F BURST 
SF582 


THE DURATION OF THE SAMPLE SERVO TIME (22 BYTES) IS SET BY 


THE ‘-AGC FREEZE’ SIGNAL. JUST AFTER THE START OF THIS See oan ee 
SIGNAL, THE MARK DETECTION CIRCUIT. (ON THE SERVO CARD) 
i CHAPGE PUMP 


DETECTS A TIMING REFERENCE MARK IN'THE ANALOG SIGNAL, 
AND FROM IT PRODUCES THE ‘+ SERVO VCO INHIBIT’ SIGNAL. 

THE ‘+ SERVO VCO INHIBIT’ SIGNAL SETS THE LATCH THE OUTPUT 
OF WHICH GOES POSITIVE. THIS GATES OFF DATA INPUTS TO THE : 
PHASE DISCRIMINATOR AND THUS PREVENTS ‘—!5JCREASE LINE’ TAGC FREEZE 
OR ‘DECREASE LINE’ INPUTS TO THE CHARGE PUMP. THE CHARGE SF579 
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PUMP OUTPUT IS THEN HELD AT THE VALUE REACHED JUST BE- ANALOG 
FORE THE ‘+ SERVO VCO INHIBIT’ WAS APPLIED. THE VCO THEN SIGNAL 
“FREE RUNS’. 
THE OUTPUT OF THE VCO DURING SAMPLE SERVO TIME IS GATED N 
OFF THE DATA CONTRO: CARD AS ‘DATA SERVO 2F BURST’. 
AT THE END OF THE SAMPLE SERVO TIME THE LATCH IS RESET - 
AND DATA CONTROL OF THE VCO IS RE-ESTABLISHED. DIFF ANALOG TO 
DATA SERVO 
SF532 
SAMPLE 
F SERVO TIME 
FIXED HEAD READ D09 TIMING REF MARK 
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WRITE DATA 


NOTE: ‘PRE-COMPENSATION’, MENTIONED IN THE FOLLOWING 
TEXT, IS A DISTORTION OF MFM (MODIFIED FREQUENCY MODU- 
LATION) ENCODED DATA TO COMPENSATE FOR TIMING ERRORS. 


DATA TO BE WRITTEN ON THE DISK JS SERIAL 'NR2’ DATA 
APPLIED TO THE ‘-WRITE DATA’ INPUT U02 THE ‘—-WRITE DATA’ 
SIGNAL IS CONVERTED TO MST LEVELS AND APPLIED TO THE 4-BIT 
SHIFT REGISTER AS DESCRIBED BELOW. 


WRITE SELECT’ IS APPLIED TO THE PRE-CONIPENSATION TIMING 
VIA THE VTL TC MST CONVERTER AND INVERTER. ‘2F WRITE 
CLOCK’ IS DIVIDED BY 2IN THE 2 AC TRIGGER AND APPLIED TO 
THE PRE-COMPENSATION TIMING CIRCUIT AS ‘1F’ WHEN WRITE 
SELECT’ IS ACTIVE, ‘1F’ 1S GATED INTO THE PRE COMPENSATION 
CIRCUIT WHICH THEN PRODUCES ‘2F EARLY’, ‘2F ON TIME’, AND 
‘2F LATE’ OUTPUTS THE OUTPUTS ARE CLOCK PULSES OF DIF- 
FERENT PHASES WITH RESPECT TO EACH OTHER ‘2F EARLY’ 
AND ‘2F LATE’ ARE DISPLACED RESPECTIVELY + AND -9 
NANOSECONDS FROM '2F ON TIME’. 


THE 1F SIGNAL 1S ALSO APPLIED TO THE MFM ENCODER IN WHICH 


IT 1S ANDED WITH THE ‘2F EARLY’ OUTPUT OF THE PRE COMPENSA. 


TION TIMING CIRCUIT. THIS PRODUCES NARROW PULSES AT BIT- 
CELL RATE. THE NARROW PULSES CLOCK WRITE DATA’ INTO THE 
4-BIT SHIFT REGISTER. 


THE SHIFT REGISTER CHANGES THE SERIAL INPUT DATA INTOA 
4-BIT PARALLEL SIGNAL THAT IS APPLIED TO THE MFM ENCODER 
THE MFM ENCODER PRODUCES MFM-CODED DATA (A TRAIN OF 
PULSES EACH OF APPROXIMATELY 30 NANOSECONDS DURATION) 
THAT 1S CONVERTED TO ‘BI-PHASE’ SIGNALS BY AN AC TRIGGER. 
THE BI-PHASE SIGNAL IS APPLIED TO THE HEADS VIA THE WRITE 
LINE DRIVERS. 


THE PRE-COMPENSATION CIRCUIT USES THE ‘2F EARLY’ TO ADD 
PRE-COMPENSATION TO THE ENCODED DATA. 


THE MFM ENCODER OUTPUT !S ALSO APPLIED TO THE DATA 
SEPARATOR CIRCUIT WHICH READS BACK THE WRITTEN DATA 
DURING A WRITE OPERATION. 


THE ‘+ WRITE DC’ CONTROL LINE IS USED ONLY DURING MANU- 
FACTURING TESTS. 
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VOLTAGE CONTROLLED OSCILLATOR (VCO) CONTROL 


THE VCO AND ASSOCIATED CONTROL CIRCUIT FORM A PHASE. 
LOCKED LOOP THAT TRACKS THE FREQUENCY AND AVERAGE 
PHASE OF THE READ INPUT DATA SIGNAL, AND CORRECTS FOR 
ANY DRIFT IN THESE SIGNAL COMPONENTS. 


CIRCUIT OPERATION 


THE 2F READ CLOCK APPLIED TO THE ‘DATA LATCH’ IS COMPARED 
WITH THE ‘DATA SS (SINGLE SHOT)’ FOR COINCIDENCE. IF THE 
‘DATA SS’ PULSE IS COMPLETED BEFORE THE END OF THE COR- 
RESPONDING ‘DATA LATCH’ PULSE, AN ‘—INCREASE LINE’ IS ACTI- 
VATED. IF THE ‘DATA SS’ PULSE [S COMPLETED AFTER THE END 
OF THE CORRESPONDING ‘DATA LATCH’ PULSE, A ‘~DECREASE 
LINE’ IS ACTIVATED. THE COMBINED OUTPUT (AN ANALOG CON- 
TROL VOLTAGE) IS APPLIED TO THE VCO TO RESTORE THE COR- 
RECT COINCIDENCE OF THE ‘DATA LATCH’ PULSES WITH THE 
‘DATA SS’ PULSE. 


RELATIVELY LARGE DISCONTINUITIES OF THE DATA SIGNAL CAN 
CAUSE LOSS OF SYNCHRONIZATION OF THE ‘DATA LATCH’ AND 
‘DATA SS’ SIGNALS. THEREFORE, WHEN THE SOURCE OF THE DATA 
SIGNAL CHANGES, FOR EXAMPLE WHEN CHANGING FROM WRITING 
TO READING, THE VCO CONTROL CIRCUIT IS SWITCHED MOMEN- 
TARILY TO THE ‘FAST SYNCHRONIZATION’ STATE. 


DURING FAST SYNCHRONIZATION THE VCO OPEHATES SIMILARLY 
TO THE MANNER DESCRIBED FORMERLY, EXCEPT THAT THE 
SIGNALS INVOLVED ARE MUCH GREATER. 


THE ‘FAST SYNC’ SIGNAL APPLIED TO THE FAST SYNC LOGIC CAN 
BE IN ONE OF TWO PAHSES DEPENDING ON THE MODE (READ OR 
WIRTE) IN WHICH THE DSD IS OPERATING. THE FAST SYNC LOGIC 
SELECTS THE APPROPRIATE FAST SYNC INPUT, THAT IS, ‘FAST 
SYNC’ FROM USING SYSTEM OR ‘INTERNAL FAST SYNC’. 


THE ‘INHIBIT SS’ PULSE SETS A VCO CONTROL LATCH, THE OUT- 
PUT OF WH'CH CUTS OFF THE DATA APPLIED TO THE PHASE 
DISCRIMINATOR AND DATA DECODER PART OF THE VCO. THE 
VCO IS STOPPED DURING THIS TIME BY A 2F CLOCK PULSE. 


THE CIRCUIT IS RESET BY THE END OF THE ‘INHISIT SS’ PULSE 
AND THE DATA PULSES, THE VCO IS THEN RESTARTED SO THAT 
THE DATA PULSES AND THE VCO OUTPUT ARE SYNCHRONIZED. 


WHEN THE DSD IS NOT UNDER THE CONTROL OF THE USING 
SYSTEM, THE VCO IS SYNCHRONIZED WITH THE WRITE CLOCK. 


2F READ CLOCK 
OU 


uI0 CO DATA SS (TP) 


sIzO READ SELECT 
u06C) SERVO VCO INHIBIT SFS90B 


vO [IF WRITE CLOCK 


®@ OPERATION EXTENT 


O INTERNAL FAST SYNC 
FAST SYNC 


(FROM SYSTEM) 
SF510 


S04 (TP) 


U05 (TP) 
s020) 








SF STANDARDIZEO DATA 


VCO CONTROL DIAGRAM 


DATA INPUT(UO4) L | Lf r] f 


+DATA SS (UIO) A ! 







2F CLOCK (D04) 
v l i \ 
—-DATA LATCH B L_f LJ [a | 


‘\ | 1 | 
~INCREASE LINE(SII) w-—_1-—___— 


— DECREASE LINE(SI2) | BIT CELL 


Lesa NANO - —>4 
NOTE: SECONDS 
THIS IS A SIMPLIFIED TIMING DIAGRAM. OSCILLATOR LATE AND 
EARLY PULSES DO NOT OCCUR ON CONSECUTIVE SERVO CLOCK 
PULSES. 


! 


SF582 


B DATA 





r LATCH 
VCO 
16.5 MHz 
meh DATA SERVO 2F BURST 
( )Pil 
SF58! 
FAST SYNC 
LOGIC 


HIGH CURRENT vos 
Sie (TP) 





MFM 
DECODER S07 


SFSIO 






CARD B2 




















EC HISTORY DRAWING TITLE | 
es a 









PWosININ 


WRITE SAFETY DETECTION 


GENERAL 


WRITE SAFETY DETECTION CIRCUITS ON THE DATA CHANNEL CARD 
CHECK OPERATIONS OF THE DSD THAT COULD AFFECT DATA WRIT- 
TEN ON THE DISKS OR DATA BEING WRITTEN. 


THESE CIRCUITS CHECK FOR THE FOLLOWING UNSAFE CONDITIUNS: 


e NO TRANSITIONS — THAT IS, FAILURE SF WRITE DRIVERS TO 
SWITCH CURRENT IN A HEAD IN WRITE MODE. 

e HEAD GROUNDED — THIS CAUSES EXCc. sIVE CURRENT IN THE 
CENTER-TAP LINE 

2 MULTI-CHIP SELECTION — THIS CAUSES EXCESSIVE CURRENT IN 
THE PCSITIVE POWER SUPPLY TO THE DE CIRCUITS 

e SERVO UNSAFE — LOGICAL OR ANALOG UNSAFE CONDITIONS 
EXTERNAL TO THE DATA CHANNEL. 

e WRITE CURRENT WHEN NOT WRITING. 


EACH OF THE FIRST FOUR UNSAFE CONDITIONS LISTED ABOVE 
CAUSES A LATCH TO BE SET IN THE SAFETY CONDITION LATCHES. 


THE LATCH OUTPUTS ARE ORED AND THE OUTPUT OF THE OR !S 
DOT ORED WITH ‘+ SERVO UNSAFE’ TO PRODUCE THE LINE ‘+ DATA 
UNSAFE’. 


NO TRANSITIONS 


NORMALLY, WHEN THE CURRENT IN A HEAD IS REVERSED DURING 
A WRITE OPERATION, VOLTAGE SPIKES ARE PRODUCED IN THE 
HEAD WINDING. IF THESE SPIKES ARE MISSING, (THAT IS, NO 
TRANSITIONS OCCUR) EITHER THE HEAD, OR THE WRITE DRIVER 
HAS FAILED. 


THE VOLTAGE DUE TO THIS FAILURE ANDED WITH ‘—WRITE GATE’ 
PRODUCES THE *— NO TRANSITICNS DURING WRITING’ SIGNAL. 
THIS SIGNAL SETS THE APPROPRIATE SAFETY CONDITION LATCH. 


HEAD GROUNDED 


A HEAD-TO-GROUND SHORT CIRCUIT CAN CAUSE CURRENT IN THE 
CENTER-TAP LINE TO EXCEED THE THRESHOI D SET IN THE ASSOCI- 
ATED CURRENT THRESHOLD SENSE CIRCUIT; THEN A ‘HEAD 
GROUNDED’ ERROR SIGNAL IS PRODUCED. 


MULTI-CHIP SELECTION 
IF CURRENT IN THE POSITIVE SUPPLY TO THE DE EXCEEDS THE 


THRESHOLD SET IN THE ASSOCIATED CURRENT THRESHOLD SENSE 
CIRCUIT, A MULTI-CHIP SELECTION’ ERROR SIGNAL IS PRODUCED. 
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READ DATA SEPARATION 


DATA FROM THE DATA DETECTOR CONSISTS OF A TRAIN OF PULSES 
THAT CONTAIN TIMING INFORMATION RELATED TO PEAKS IN THE 
ORIGINAL ANALOG SIGNAL. THE DATA SEPARATION LOGIC IDENTI- 
FIES THE TIMING INFORMATION AS ‘1’ OR ‘0’ PULSES, ELIMINATES 
THE ‘0’ PULSES, AND RE-TIMES THE ‘1’ PULSES WITH THE INTERNAL 
CLOCK. 


(DEFINITION OF ‘1S’ AND ‘OS’: A‘1’ BIT IS TRANSMITTED OURING 

THE SECOND HALF OF A 1F CLOCK CYCLE. A ‘0’ BIT IS TRANS- 

MITTED DURING THE FIRST HALF OF A 1F CLOCK CYCLE, EXCEPT ; 

WHEN A ‘0’ IMMEDIATELY FOLLOWS A ‘1’ BIT. IN THIS CASE, NO } 

‘I’ BIT IS TRANSMITTED DURING [THE 1F CLOCK CYCLE.) | 
| 


NOTE: IN THE FOLLOWING DESCRIPTION IT ASSUMED THAT THE 
PHASE LOCKED LOOP IS ‘LOCKED’ TO THE AVERAGE PHASE AND 
FREQUENCY OF THE INPUT DATA SIGNAL. 


THE INPUT DATA IS ROUTED THROUGH THE VCO SYNC CONTROL, 
WHICH, IN THE READ MODE, INVERTS THE DATA SIGNAL AND 
APPLIES IT THROUGH THE GATE (IN THIS MODE THE ‘INHIBIT’ 
SIGNAL ON THE GATE IS INEFFECTIVE) TO THE DATALATCH 

AND THE SINGLE SHOT CIRCUIT. THE SINGLE SHOT CIRCUIT 
FORMS PART OF THE DISCRIMINATOR THAT CONTROLS THE PHASE 
OF THE PHASE-LOCKED LOOP. 


Oe come were ene 


IF THE DATA LATCH IS SET, THE DATA IS APPLIED TO AN AND GATE 
(THAT FORMS PART OF A MFM DECODER CIRCUIT) WITH A DELAYED 
‘2F CLOCK’ SIGNAL, AND A ‘'1F’ SIGNAL FROM THE AC TRIGGER. 
WHEN THESE THREE INPUTS ARE SATISFIED, THE OUTPUT OF THE 
AND CIRCUIT SETS THE ‘1’S’ LATCH; THIS LATCH PROVIDES AN OUT- 
FUT WHEN A‘1' IS DETECTED. THE OUTPUT OF THE ‘1’S’ LATCH IS 
APPLIED TO THE OUTPUT LATCH WHICH, IN TURN, GIVES AN OUT- 
PUT SIGNAL IN THE FORM OF 30-NANOSECOND PULSES. 


THE INITIALIZING LOGIC FORCES THE PHASE OF THE AC TRIGGER 
SO THAT THE 1F THAT THE TRIGGER PRODUCES CORRESPONDS TO 
THE TIMING OF BIT CELLS DURING FAST SYNCHRONIZATION. 
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LOGIC 1 CARD (C2) 
INTERRUPT SENSE CYCLE 
SENSE COMMAND CYCLE AFTER A POWER-UP 


NOTE: THE NUMBERS QUOTED IN THE CIRCLES REFER TO THEIR 
CORRESPONDING NUMBERS SHOWN IN THE TIMING DIAGRAM. 


THE FOLLOWING USER SYSTEM-TO-DSD SENSE STATUS SEQUENCE 
OCCURS AFTER AN INTERRUPT (1) : 


1. TAG CODE 100 (TAG 4) @) IS SET BY THE SYSTEM 

2. AFTER A DELAY OF 100 NANOSECONDS, ‘CONTROL SAMPLE’ G) 
iS SET. 

3. THE DSD READS THE TAG CODE AND SETS THE SENSE DATA 
ON THE CONTROL BUS () ; ‘CONTROL SAMPLE RECEIVED’ 6) 
IS ALSO SET. 

4. CONTROL BUS READ INFORMATION () IS READ BY THE 
SYSTEM, THEN ‘CONTROL SAMPLE’ IS RESET. 


S THE DSD RECEIVES ‘CONTROL SAMPLE’ AND RESETS ‘INTERRUPT’, 


‘CONTROL SAMPLE RECEIVED’, AND (‘SLIGHTLY DELAYED) THE 
CONTROL BUS. 

6. DSO INTERNAL TIMING GATES OFF THE ‘HOLD OFF INTERRUPT’ 
WHICH RESETS ‘INTERRUPT’. 
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LOGIC 2 


WRITE CLOCK !S DIVIDED BY 16 BY COUNTERS COUNTER 4 OUTPUT 
IS THE SAME FREQUENCY AS THE SERVO CLOCK SS COUNTER S!S 
USED TO DISTINGUISH BE TWEEN NORMAL AND QUADRATURE CELLS 
CORRESPONDING TO ALTERNATE SERVO CLOCK PULSES. 


COUNTER 4 AND 5 OUTPUTS ARE CECODED INTO 4 OUTPUTS CORES 
PONDING TO THE N1,N2 AND Q1,Q2 ANY OUT OF SYNC CONDITION 
WILL BE SIGNALLED TO THE OSCILLATOR BY THE OSCILLATOR 
EARLY’ On ‘LATE LINES TO FORCE A FREQUENCY SHIFT TO 8RING 
THE WRITE CLOCK BACK INTO SYNCHRONISM 


THE SYNC DETECTOR PROVIDES PROTECTION FOR ANY GROSS 
TIAING ERRORS 


MISS'NG CLOCK PULSES ARE FED TOA 1 BIT SHIFT REG AND DECOOE 
TO LCOK FOR INDEX AND SECTOR PULSES 


HANDOVER VELOCITY CALIBRATION !S USED AFTER POWER UP TO 
PROVIDE AN OFFSET VOLTAGE TO THE “DESIRED VELOCITY 
VOLTAGE THE REQUIRED OFFSET IS GENERATED BY PRESETTING 
THE COUNTER AT THE START OF HVC TO 7 AND CHECKING VELOCITY 
OVER 2 TRACKS. 'F VELOCITY IS 19ms PER TRACK THE COUNTER IS 
DECREMENJED BY 1 AND THE CYCLE REPEATED UNTIL THE TINE IS 

19ms TRACK OR UNTIL THE COUNTER HAS REACHED 0 WHEN 
ALLOW HVC IS RESET 


PROFILE GAIN VOLTAGE IS RECALIBRATED IN A SIMILAR METHOO 
EXCEPT THAT THE COUNTER IS RESET TO ZERO AND INCREMENTS UP 
UNTIL + VEL PROF OROPS OR THE COUNTER IS FULL ‘COUNTER 
FULL” PREVENTS THE COUNTER RESETTING TO ZERO IF ITS MAX 
IMUM COUNT IS EXCEEDED RECALIBRATION ONLY TAKES PLACE 
OW COMMAND FROM THE SYSTEM 
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PHASE LOCKED OSCILLATOR (PLO) LOOP . 


as 


_+COUNTER S'TP 


THE PLO IS SYNCHRONIZED IN PHASE AND FREQUENCY BY THE 


SERVO SIGNAL CLOCK PULSES AS FOLLOWS: 


THE VOLTAGE CONTROLLED OSCILLATOR (VCO) RUNS AT APPROXI- 
RATELY 16.5 MHz. THE OUTPUT 2F IS DIVIDED BY 2 TO GIVE ‘1F 
WRITE CLOCK’. 


‘IF WRITE CLOCK’ DRIVES A 5 BIT COUNTER, ‘COUNTER 4’ OUTPUT 
iS 1/16TH OF THE PLO FREQUENCY. THE ‘SERVO CLOCK’ PULSES 
TRIGGER A SINGLE SHOT (+ SERVO CLOCK SS - 280 nS). 


FOR THE PLO TO BE IN SYNCHRONIZATION THE TR* LING EDGE 
OF THE SERVO CLOCK SS MUST COINCIDE WITH THE MID-POINT 
OF THE NEGATIVE LEVEL OF THE ‘COUNTER 4’ SIGNAL . 


A COMPARATIVE CIRCUIT ON THE LOGIC 2 (D2) CARD LOOKS FOR 
THIS COINCIDENCE AND PROVIDES AN OUTPUT OF OSCiLLATOR 
EARLY OR LATE TO THE VCO TO CORRECT ANY MISALIGNMENT. 


+COUNTER 5} 
“IM SYNC! | 


DURING NORMAL SYNCHRONOUS OPERATION, NARROW OSCILLATOR 
LATE AND OSCILLATOR EARLY SIGNALS ARE PRODUCED CONTINU- 


OUSLY AS SHOWN IN THE TIMING DIAGRAM. 


THE PLO IS USED BY THE USING SYSTEM TO SERIALIZE WRITE 


DATA. 
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SERVO CONTROL E2 SERVO 1 
SERVO MARKER riElD 


THE SERVO MARKER FIELD CONTAINS A PATTERN SEQUENCE OF 
POSITIVE ZERO CROSSINGS (9) (POSITIVE-GOING PULSES THAT PASS 
THROUGH 0 (ZERO) VOLTS) THAT SYNCHRONIZE THE DEMODULATOR 
WAVEFORMS ‘SELECT DEMOD A’, AND ‘SELECT DEMOD B’. 


SERVO GAIN FIELD 


THE SERVO GAIN FIELD IS JUST OVER TWO BYTES OF EACH 22-BYTE 
SERVO SAMPLE FIELD. IN THE SERVO GAIN FIELD, A FIXED- 
AMPLITUDE SIGNAL CALLED ‘DATA SURFACE LINEAR’ (1) CONTROLS 
THE AUTOMATIC GAIN CONTROL (AGC) LOOP SO THAT THE LOOP 
COMPENSATES FOR CHANGES DUE TO: 


e HEAD-TO-DISK SURFACE VARIATIONS. 

e SURFACE CHANGES. 

e TRACK LOCATION VARIATIONS THAT OCCUR BECAUSE OF DIFFER- 
ENCES IN LINEAR SPEED BETWEEN INNER TRACKS AND OUTER 
TRACKS, AND, THUS, COUPLING BETWEEN HEAD AND DISK 
SURFACE. 


THE AGC LOOP COMPRISES THE VARIABLE GAIN AMPLIFIER (VGA) 
AND THE AGC AMPLIFIER. 


THE ‘SELECT GAIN ADJUST’ SIGNAL (2) IS ACTIVE THROUGHOUT THE 
SERVO GAIN FIELD. THIS CAUSES THE DEMODULATOR TO GIVE AN 
OUTPUT THAT IS ASYNCHRONOUSLY RECTIFIED AND THEN APPLIED 
TO THE AGC LOOP. THE AGC LOOP INVERTS THE DEMODULATOR 
OUTPUT AND SUBTRACTS IT FROM THE TRACK REFERENCE SIGNAL’ 
(3). THE DIFFERENCE VOLTAGE CHARGES THE GAIN STORE 
CAPACITOR C2. 


THE RESULTING GAIN VOLTAGE ACROSS THE GAIN STORE CAPACITOR 
C2 IS FILTERED AND BUFFERED IN THE AGC AMPLIFIER. THE AMPLI- 
FIER THEN PRODUCES A SIGNAL TO THE NEW LEVEL REQUIRED FOR 
THE PARTICULAR SECTOR IF EITHER ‘ENABLE SERVO SAMPLE’ (4; IS 
ACTIVE, OR IF ‘ENABLE SERVO SAMPLE’ (4) AND ‘HEAD CHANGE 
GATE’ (5) ARE ACTIVE ‘ENABLE SERVO SAMPLE’ (4), WHICH IS ACTIVE 
FOR THE WHOLE OF THE SAMPLE SERVO FIELD, REDUCES THE GAIN 
OF THE AGC AMPLIFIER (TO WITHIN THE LIMITS (6) SHOWN ON THE 
TIMING DIAGRAM) IN OPERATIONS OUTSIDE THE SAMPLE SERVO 
FIELD. THE ‘HEAD CHANCE GATE’ (5) COMPENSATES FOR HEAD 
RESPONSE DURING A HEAD-CHANGE OPERATION. 


IF THE AGC VOLTAGE IS EITHER TOO SMALL, OR ABSENT COMPLETE. 
LY, AN AGC DETECTOR CAUSES THE AMPLIFIER TO GIVE AN ‘OUT- 
SIDE AGC WINDOW’ OUTPUT SIGNAL (6), WHICH IS INDICATED A ‘TAG 
111° (THAT IS, TAG 7) DIAGNOSTIC DATA. 


THE GAIN STORE CAPACITOR C2 IS RESET AFTER THE END OF THE 
SERVO GAIN FIELD, WHEN THE ‘-RESET CAPACITOR’ SIGNAL (7) 
iS ACTIVATED. 
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SERVO ERROR FIELD 


THE SERVO ERROR FIELD !S 45 BYTES OF THE 22-BYTE SERVO 
SAMPLE FIELD. DURING THE SERVO ERROR FIELD, THE SERVO 


ERROR CIRCUIT MEASURES THE AMOUNT AND DIRECTION (EITHER 


IN OR OUT) THAT THE HEAD IS OFF TRACK, AND PRODUCES A 
‘DATA POSITION ERROR’ SIGNAL THAT CORRESPONDS TO THE 


ERROR. THIS SIGNAL RETURNS THE HEAD CN TRACK TO READ OR 


WRITE DATA IN THE PARTICULAR SECTOR. 


BEFORE THE SERVO ERROR FIELD OF A PARTICULAR SECTOR IS 
ENTERED, THE ERROR CAPACITOR C1 IS RESET BY ‘RESET CAPAC. 
ITOR’ APPLIED TO IT THROUGH THE CIRCUIT, THEREFORE, NO 
VOLTAGE IS ACROSS C1. THUS THE ‘DATA POSITION ERROR’ 
SIGNAL FOR THE PREVIOUS SECTOR IS REMOVED. 


iF A HEAD IS OFF-TRACK WHEN THE SERVO ERROR FIELD IS 
ENTERED, THE RESULTING ERROR SIGNAL CAUSES THE DEMODU- 
LATOR TO PRODUCE AN ‘ERROR SAMPLE’ SIGNAL. THE ‘ERROR 
SAMPLE’ 1S SYNCHRONOUSLY RECTIFIED BY ‘SELECT DEMOD A’ 
AND ‘SELECT DEMOD 8’ SYNCHRONI!ZED TO THE LINEAR SIGNAL 
ZERO CROSSINGS. THE RECTIFIED SAMPLE SIGNAL !S APPLIED 
TO THE ERROR CAPACITOR C1, CHARGING C1, OVER THE PERIOD 
OF THE SERVO ERROR FIELD, TOALEVEL THAT CORRESPONDS 
TO THE AMOUNT OF ERROR. THE *+SELECT DEMOD A’ AND 
*+SELECT DEMOD B’ PULSES ARE SWITCHED ALTERNATELY ON 
AND OFF WITH RESPECT TO EACH OTHER, AT TIMES DETER- 
MINED BY THE DECODING AND GATING OUTPUT OF COUNTER 

2. THE POLARITIES OF THESE DEMODULATOR SIGNALS DE- 
PEND ON WHETHER THE TRACK IS ODD OR EVEN NUMBERED. 


THE ERROR VOLTAGE ON C1/S APPLIED TO THE OPERATIONAL 
AMPLIFIER, SWITCHED AS A VOLTAGE FOLLOWER BY THE ‘+ 
ENABLE DATA’ AND ‘—ENABLE DATA’ INPUTS, AND THE OPERA- 
TIONAL AMPLIFIER PROVIDES THE ‘DATA POSITION ERROR 
SIGNAL AT ITS OUTPUT. 


THE ‘DATA POSITION ERROR’ SIGNAL IS APPLIED TO THE HEAD 
ACTUATOR COIL VIA A COMPENSATOR CIRCUIT (NOT SHOWN). 
THIS MOVES THE HEAD TO THE ON-TRACK POSITION SO THAT 
THE DATA FIELD THAT FOLLOWS THE SERVO ERROR FIELD, 
WITHIN THE SAME SECTOR, CAN BE READ OR WRITTEN. 


TIMING REFERENCE 


TIMING IN THE SAMPLE SERVO FIELD, BETWEEN THE BEGIN- 
NING OF THE ID MARKER FIELD AND THE END OF THE SERVO 
ERROR FIELD, IS BASED ON A REFERENCE FREQUENCY PRO- 
VIDED BY THE DEDICATED SERVO HEAD. PHASE CORRECTION 
OF THIS FREQUENCY IS PROVIDED BY THE MARK DETECT LOGIC 
CIRCUIT. 
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SERVO 1(E2) 

SAMPLE SEAVO MARKER FIELO 

MARKER FIELD 

THE ALTERNATING PEAKS IN THE ‘OFF TRACK’ SIGNAL MEASURE 


OFF TRACK ERROR THE PEAKS ARE SYNCHRONOUSLY RECTIFIED 
IN RELATION TO A SQUARE WAVE SIGNAL (G02 302) SYNCHRONIZED 


TO THE LINEAR SIGNAL ZERO CROSSINGS THIS PRODUCES A SIGNAL, 


PROPORTIONAL TO THE OFF TRACK ERROR, THAT IS USED TO POS! 
TION THE HEADS CORRECTLY OVER THE PARTICULAR TRACK. 


THE OUTPUT OF THE MARK DETECTOR RELEASES THE VOLTAGE 
CONTROLLED OSCILLATOR (VCO) FROM THE CONTROL OF THE DE 
DICATED SERVO SURFACE, TO WHICH 1T WAS PHASE LOCKED THE 
VCO FREE RUNS AT THE RELEASE FREQUENCY FOR THE 10 MICRO 
SECOND PERIOD OF THE SERVO GAIN AND ERROR FIELGS DURING 
THAT PERIOO, THE VCO OUTPUT GENERATES THE CONTROL AND 


WHEN ‘COUNTER RUN’ !S ACTIVE, IT ALSO INHIBITS THE RESET OF 
COUNTER 1, AND ALLOWS ANALOG CONTROL DECODE TO OPERATE. 
THIS PRODUCES GAIN, DEMODULATOR AND RESET CAPACITOR 
SIGNALS. 


THE ‘SELECT GAIN ADJUST’ LINE 1S CONTROLLED BY ‘DEFAULT 
GATE’ OR ‘HEAD CHANGE GATE’ A TWO.-BIT SHIFT REGISTER 
CONTROLS THE ‘ENABLE DATA’ LINES. 


TOUNTER RUN’ APPLIED TO THE SHIFT REGISTER INDICATES 
THAT A SAMPLE HAS BEEN FOUND THAT !S CLOCKED BY ‘+ 
SHIFT REGISTER CLOCK’, A SIGNAL DERIVED FROM THE DE- 
DICATED SERVO SURFACE. THE GATING CAUSES ‘ENABLE 


SFS90A 
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GATING SIGNALS. DATA’ TO BE ACTIVATED ON THE SECOND SAMPLE FOUND 


AND DEACTIVATED ON THE THIRD SAMPLE FOUND. 
NOTE ANY SMALL VELOCITY ERROR DURING THIS PERIOD CAN BE 


IGRORED. 


THE SIGNALS ‘+ SELECT GAIN ADJUST’, '"- RESET CAPACITOR’, ‘+ 
SELECT OEMOD A’ AND ‘+ SELECT DEMOD 8B’ ARE DERIVED BY 
DECODING THE CUTPUTS OF COUNTER 1 AND COUNTER 2 (FIVE 
BIT COUNTERS) THESE COUNTERS ARE CONTROLLED BY THE ‘ 
‘CONTROL RUN’ LINE THAT IS ACTIVATED AT A POINT ON THE 

SAMPLE SERVO SIGNAL (MARKER) 


THE COUNTER 

e CONTROLS A LOGIC SWITCH IN THE CLOCK CONTROL THE 
SNITCH CONNECTS EITHER ‘2F WRITE CLOCK’, OR THE OUT- 
PUT OF COUNTER 2 INTO THE CLOCK INPUT OF COUNTER 1 


e IMHIBITS THE ANALOG CONTROL SIGNALS (WHEN THE COUNTER 
tS DEACTIVATED) 


WHEN COUNTER HUN’ IS DEACTIVATED, COUNTER 1 RUNS FROM 
THE START OF ‘ENABLE MARK DETECT’, AND RESETS AT EVERY 
CHANGE OF ‘+ POSITIVE ZERO CROSSING’ (tF THE COUNTER 1 
REACHES A COUNT OF ‘*—F’, THE NEXT ZERO CROSSING SETS 

*+ SERVO VCO INHIBIT’, AND RESETS THE COUNTER 1 


1 THE NEXT ZERO CROSSING OCCURS WHEN ‘-F' tS NOT ACTIVE, 
THE SERVO MARKER IS RECOGNIZED, ‘+ SERVO VCO INHIBIT’ IS 
RESET, AND ‘COUNTER RUN’ IS ACTIVATED 


SERVO VCO INHIBIT’ RELEASES CONTROL OF THE VCO FROM 

THE DEDICATED SERVO SURFACE, THE VCO THEN PRODUCES 

THE 2— BURST’ ‘COUNTER RUN’ SWITCHES THE COUNTER 1 

CLOCK’ TO THE OUTPUT OF COUNTER 2 COUNTER 1, WHICH 

DIVIDES BY SIX, IS ORIVEN BY ‘2F BURST’, VIA A SINGLE BIT 

COUNT IN COUNTER 2, AND ADVANCES ON BOTH POLARITIES - : me 
OF THE INPUT SIGNAL. 
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SERVO 2 LOCATION F2 


THIS CARD CONSISTS OF FIXED AND VARIABLE GAIN AMPLIFIERS 
TO AMPLIFY THE DIFFERENTIAL OUTPUT FROM THE DEDICATED 
SERVO READ HEADS TO ACONSTANT CUTPUT LEVEL. INCLUDED 
IS CIRCUITRY TO DETECT SERVO CLOCK PULSES WHICH FIRE A 
280 msec SINGLE SHOT. 


PEAKS ON THE AMPLIFIEB OUTPUT ARE DETECTED AND SELECTED 
BY THE -SEL N1, N2, Q1 AND Q2 LINES INTO THEIR RESPECTIVE 
+N/2 AND +Q/2 OUTPUTS, CORRESPONDING TO THE NORMAL AND 
QUADRATURE FIELDS RECORDED ON THE 5-RVO SURFACE. 


THE N SIGNALS AND THE O SIGNALS ARE FED TO BUFFERS, THE 
INPUT IS HOWEVER INVERTED TO ONE BUFFER. SERVO SIGNALS 
ON THE DEDICATED SURFACES ARE INVERTED IN PHASE ON 
ALTERNATE TRACKS WHICH ALLOW SELECTION OF THE CORRECT 
POLARITY OF THE OUTPUT SIGNAL. “DATA PES” FROM SERVO 1 
IS COMBINED TO FORM A “HYBRID PES O/P”, 


THE “DELAY” IN “POWER GOOD DELAYED" IS OF THE ORDER OF 
usecs AND ENTIRELY DUE TO CIRCUIT DELAYS IN THE FILTERS. 


THe VOLTAGES DEVELOPED ACROSS CURRENT SENSE RESISTORS 
(CSR) ON THE D.E. DRIVE BOARD TO DETECT LOW VOICE COIL 
MOTOR CURRENT. “+OUT DIRECTION” CONTROLS THE INPUT 
POLARITY TO ENSURE CORRECT OUTPUT FOR BOTH DIRECTIONS 
OF ACCESS ARM TRAVEL. VCM START AND FINISH ARE DIRECT 
CONNECTION TO THE VOICE COIL WINDINGS AND PROVIDE COM- 
PENSATION TO THE AMPLIFIER. ‘‘VOICE COIL CURRENT SIGNAL” 
IS A VOLTAGE LEVEL WHICH IS PROPORTIONAL TO THE VOICE 
COIL CURRENT. THE VOICE COIL CURRENT SIGNAL IS AMPLI- 
FIED WHEN “SEEK COMPLETE” IS ACTIVE AND ENSURES THAT 
THERE IS MINIMAL VOICE COIL CURRENT. “+ ON TRACK” DROPS 
IF SUFFICIENT VOICE COIL CURRENT IS DETECTED TO MOVE 
THE ACCESS ARM OFF TRACK. 


“HYBRID PES.” “+SEL INT” PROVIDES CONTROL OF ACAPACITOR’ 
WHICH HOLDS THE “HYBRID PES” LEVEL CONSTANT DURING 
ACCESSING TO REDUCE TRANSIENTS AT ACCESS COMPLETION. 
THE SIGNAL DRIVES THE VOICE COIL MOTOR TRANSISTOR 
MATRIX. “-IN DRIVE” AND “-OUT DRIVE” OVERRIDE THE INPUT 
SIGNAL AND FORCE THE ACCESS DRIVE INTO FULL IN OR OUT 
MOTION. 
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